Abstract: Installation of exotic species often influences the functioning of the soil microbial population and the development of indigenous plants. The objective of this study was to determine the influence of ectomycorrhizal inoculation on soil microorganisms and the development of the native plant Intsia bijuga grown on soils collected under exotic plantation of Casuarina equisetifolia. Two isolates of Pisolithus, Pis02 and PisE, were used to inoculate Intsia bijuga seedlings. After six months growth in a greenhouse, different parameters of plant development were evaluated: total biomass, mycorrhizal rate and chemical properties of leaves. For the rhizosphere soil, chemical and microbiological analyses were performed and enzyme activities were evaluated. The results showed that the inoculation of both ectomycorrhizal isolates caused a significant increase in phosphorus content in plant leaves and assimilable phosphorus content in soil cultures. In addition, the aboveground biomass of Intsia bijuga, the nitrogen content of leaves, the total microbial activity and the carbon content of the soil cultures were significantly higher with Pis02 inoculation. However the intensity of the acid phosphatase and the numbers of solubilizing tricalcium phosphate microorganisms and actinomycetes were significantly reduced. This study highlighted the importance of mycorrhizae in the establishment of native plants in soils under exotic plantation.
Introduction
In Madagascar, 10% of plant species that make up the flora are introduced [1] . Although these species are not well known, they occupy an important place in the functional and usable Malagasy biodiversity [1] . Casuarina equisetifolia is a native species of Australia, Melanesia and Southeast Asia [2] . This species is among the widely planted outside its natural range. Indeed, Casuarina equisetifolia is introduced in more than 60 countries [3] . In tropical countries, it is mostly used as plant reforestation of coastal soil [4] as the case of Madagascar.
In most cases, far from their native antagonists, exotic plants encounter favorable conditions for their development [5] and can colonize either fertile [6] or low nutrients soil by developing various mechanisms such as the fixation of atmospheric nitrogen [7] . The use of exotic species provides socio-economic and ecological benefits. However, ecological disruption is often associated with the use of certain exotic species [8] . In some island such as Nishi-Jima of Ogasawara group in Japan, much of the forest area has been replaced by Casuarina equisetifolia [9] . Other researchers found that exotic plants can alter the composition and function of microbial communities, the structure of the soil food web and nutrient cycling [10] . Some exotic trees greatly disturb island ecosystems by altering the structure of the native flora and fauna community [11] [12] [13] , changing the nutrient cycle [12, 13] and decreasing the success of the regeneration of native trees [14] . More exotic species stimulate soil microbial community that promotes the acquisition of nutrients, abolish native symbiotic community and promote the development of indigenous communities' pathogens [15] [16] [17] . Some authors have questioned the possibility of regeneration of native trees in the forest of Casuarina equisetifolia [9] because of the chemistry of its litter. Indeed, it was found that actinorhizal nodule formation was inhibited by a certain amount of litter of Casuarina equisetifolia. This inhibition could be attributed to allelopathy phenomenon of phenolic compounds contained in the litter [18] . In addition, some experiments highlighted that the culture of Casuarina equisetifolia caused the decrease in the availability of essential soil nutrients including nitrogen [19] .
The feedback between plant and soil plays a key role in the dynamics of plant communities, including plant succession [20] and soil restoration [21] . Some plants grown on poor soils benefited from the symbiosis with mycorrhizal fungi to develop [22] . Mycorrhizal fungi are responsible for the uptake and transport of soil nutrients with low mobility, such as phosphorus [23] and nitrogen [24] to the plant. In addition, mycorrhizal fungi and associated microorganisms are able to metabolize allelopathic compound [25] , contribute to the protection of plants from the harmful substances released by exotic trees and enhance productivity [8] .
Therefore, these organisms appear as a biological tool of great interest to improve plant growth, whether wild or cultivated, and also to restore soil [26] [27] [28] . Mycorrhizal associations play an important role in plant succession [29] and their effectiveness depends primarily on the ability of the fungus species to adapt to local conditions [30] .
Thus, the objective of this study is to exploit the potential of ectomycorrhizal fungi to improve the establishment of Intsia bijuga on soil collected under the alien species Casuarina equisetifolia.
Materials and Methods

Fungal Isolates
Fungal isolates were obtained from fruiting bodies of ectomycorrhizal fungi collected during the rainy season. Fruit bodies of 2 Pisolithus species coded Pis02 and PisE were collected respectively in sclerophyllous forest located at Arivonimamo and under Pinus in Ankatso Antananarivo Madagascar. Pisolithus is a genus of ectomycorrhizal fungus that is widely distributed [31] . It forms a symbiotic association with many woody plants including members of Myrtaceae, Mimosaceae, Pinaceae, Fagaceae, Cistaceae, Dipterocarpaceae and Caesalpiniaceae. It can be encountered in various places like forest, plantations sites, mining sites and eroded sites [32] .
Fungi were grown on modified Melin-Norkrans medium (MNM) [33] . MNM contains 0.05 g CaCl 2 , 0.025 g NaC1, 0.5 g KH 2 PO 4 , 0.25 g (NH 4 ) 2 HPO 4 , 0.15 g MgSO 4 7H 2 0, 1.2 ml of 1% FeCl 3 , 100 µg thiamine HCl, 3 g malt extract, and 10 g glucose per liter of distilled water. Agar was added to the MNM formulation at a concentration of 15 g/1. Fungal isolates were subsequently maintained at the Laboratory of Environmental Microbiology LME / CNRE Antananarivo by transplanting every month on solid culture medium MNM. The fungal inocula were prepared from these ectomycorrhizal isolates.
In each 250 ml Erlen were placed 100 ml of liquid MNM with 5pieces of 1cm 2 of each ectomycorrhizal isolates. After incubation at 30 °C for a month, fungal hyphae that colonized the surface of the liquid medium were collected and washed with sterile distilled water (sterilized by autoclaving for 20 min at 120 °C) then ground in 100ml sterile distilled water by using a blender at low speed for 10 s.
Plant: Intsia Bijuga
Intsia bijuga is a highly valued timber tree. It is a tree that adapts to coastal conditions and can be used in reforestation of coastal areas. It is also a native plant from Madagascar and other Island such as: Indonesia, Malaysia, Thailand, Philippines, Papua New Guinea, Guam, Australia, New Caledonia, Solomon Islands, Vanuatu, Fiji, Samoa, and Tonga. Intsia bijuga belongs to the family of Fabaceae and the subfamily of Caesalpinoideae [34] . In Madagascar it is known by the local name: Hintsy.
The seeds of Intsia bijuga were collected from the eastern part of Madagascar. They were scarified by soaking in a solution of concentrated sulfuric acid for 2 hours. The seeds were rinsed 5 times and soaked for 12 hours in sterile distilled water before germinating in a propagator containing sterilized sand (autoclaved at 120 °C for 45 min)
Soils
Soils were collected in the forest of Tampolo, Fénérive, on the East coast of Madagascar. This forest is located at 17.3 °S latitude and 49.2 °E longitude. For this, rhizosphere soils of Casuarina equisetifolia in 0-20 cm depth was taken.
Experimental Design
One germinated seed of Intsia bijuga was transplanted in each of 750 ml sheaths of black plastic filled with sieved-soil (2mm mesh) collected under Casuarina equisetifolia. Each seedling was inoculated with 10 ml of fungal inoculum of Pis02 or PisE at their root system. Each control plant received 10 ml of fungal inoculum autoclaved at 120 °C for 20min. Then, cultures were arranged in a block at total randomized system with 25 repetitions per treatment. Cultures were maintained in a greenhouse for 6 months under natural light with an approximate 12h photoperiod and average temperature 25 ± 2 °C. The plants were watered with tap water twice a week.
Parameters Evaluated
To assess the impact of mycorrhiza on the development of Intsia bijuga on soils collected under Casuarina equisetifolia, three groups of parameters were measured after six months of culture: parameters related directly to the growth of the plant, parameters related to soil biofonctionning and soil chemical parameters.
Parameters Directly Related to Plant Growth
For each treatment, plant biomass, the rate of the mycorrhizal roots, N and P content of the leaves were measured. Dry weights of total biomass were recorded after oven-drying at 60°C for a week. To measure the mycorrhizal frequency, root tips of five randomly selected plants were observed under a dissecting microscope (magnification x40) and mycorrhizal apex are counted on 100 apex observed in a field of view.
The total N content of the leaves was determined by the Kjeldahl method [35] while the total P was determined by colorimetry with Molybdenum blue [36] .
Parameters Related to Soil Biofonctionning
The total microbial activity and phosphatase activities of each soil including soil freshly collected under Casuarina equisetifolia were measured. In addition, cultivable phosphate solubilizing bacteria and actinomycetes were counted on each soil.
The total soil microbial activities were determined by the method described by [37] . Several enzymes can hydrolyze fluorescein diacetate (FDA) and the intensity of the enzymatic activity can be assessed by the amount of fluorescein hydrolysis product. The operation is to measure the quantity of fluorescein produced within 1 hour of incubation at 30 °C by mixing 1 g of the soil sample with 200 µl of FDA solution. To the mixture of soil and FDA was added 15 ml of phosphate buffer at pH 7.6 prepared with KH 2 PO4 and K 2 HPO4. For each soil sample, three replicates were performed. The Fluorescein that was produced was evaluated spectrophotometrically. The absorbance readings were processed at 490 nm. The total soil microbial activity was expressed in µg of fluorescein released per hour per g of soil (µg fluorescéine.h -1 .g -1 of soil). The soil phosphatase activities were determined by the method described by [38] . For phosphomonoesterase activity released into the soil, para-nitrophenylphosphate is hydrolyzed and releases para-nitrophenol. To 1 g of soil (0-2 mm) previously dried in the open air was added 1 ml of pnitrophenylphosphate ( pNP 15 µg) and 4 ml of buffer solution ("sterile modified universal buffer") at pH 6 for acid phosphatase and pH 11 for alkaline phosphatase. The samples were incubated at 37 °C on a rotary shaker for 1 h. The concentration of para-nitrophenol (pN) produced was measured with spectrophotometer at 400 nm absorbance.
The results are expressed in micrograms of pN released per gram of sample and per hour of incubation time (µg pN g -1 . h -1 ). The number of rhizosphere microorganisms expressed as colony-forming units (CFUs) was evaluated by suspensiondilution method followed by spreading the solid media plate. Five grams of dried soil were placed in 100 ml flasks and 45 ml of the sterilized solution of MgSO 4 , 7H 2 O 1M was added. A sevenfold dilution series were performed by adding 0.9 ml of distilled water at 0.1 ml suspension of rhizosphere-soil water. Then 0.1 ml of this mixture was spread in petri dishes containing a culture medium Waksman compound of 20g glucose, 5g casitone, 5 g NaCl, 3 g beef extract and 20g agar [39] for the enumeration of actinomycetes and Pivovskaya (PVK) compounds of 5g NH 4 Cl 1g of NaCl, 1 g of MgSO 4 , 4g of Ca 3 (PO4) 2 , 10g of glucose and 20g agar [40] for counting phosphate solubilizing bacteria. Three replicates per dilution were performed.
Chemical Parameters of the Rhizosphere Soils
For the rhizosphere soil, the amount of available P was determined by colorimetry with blue Molybdenum [33] ; the content of total N was determined by the Kjeldahl method [35] ; the C content was determined according to [41] and the pH was measured.
Data Analysis
Statistical analysis of the data obtained was performed using the Duncan test at 0.05 probability level and using the Statistica software (Kernel Version 5.1 million, Stat Soft, Inc).
Results
Plant Growth, Mycorrhizal Rate, Nitrogen and
Phosphorus Content of the Leaves Intsia bijuga grew differently with the two types of ectomycorrhizal inoculum. Indeed, biomass of plants inoculated with Pis02 was significantly higher compared with that of control plants and plants inoculated with PisE (Table 1) . However, no significant differences were observed between the biomass of the control plants and the plants inoculated with PisE ( Table 1) . The nitrogen and phosphorus in the leaves and the frequency of mycorrhizal plants inoculated with Pis02 were significantly higher than those of the control plants (Table 1 ) while in the case of inoculation with PisE, only the phosphorus content in leaves of inoculated plants was significantly higher compared to control plants. It was found that the nitrogen content of the leaves of the plants inoculated with PisE was significantly lower than those of the control plants (Table 1) .
Enzyme Activities and Rhizosphere Microorganisms Counts
The development of Intsia bijuga on the soil collected under Casuarina equisetifolia negatively affected the total microbial activity of the soil. Indeed, the intensity of the total soil microbial activity was significantly lower than the freshly collected soil under Casuarina equisetifolia ( Table 2 ). The intensities of the total microbial activities of the two soils were comparable when Intsia bijuga was inoculated with Pis02 (Table 2 ). The acid phosphatase activity of the soil collected under Casuarina equisetifolia was not influenced by the development of Intsia bijuga but the contrary occurred when Intsia bijuga was inoculated with Pis02 isolate.
Indeed acid phosphatase activity of the soil on which Intsia bijuga inoculated with Pis02 developed was significantly lower than the other soil ( Table 2 ). The development of Intsia bijuga did not affect the alkaline phosphatase activity of the soil collected under Casuarina equisetifolia but negatively influenced the development of the complex phosphate solubilizing bacterial population and significantly stimulated the development of the actinomycetes population (Table 2) . 
Chemical Analyzes of Rhizosphere Soil
After six months growing, soil pH on which Intsia bijuga was grown was significantly lower compared with the other soil while the total nitrogen levels were significantly higher ( Table 3 ). The development of Intsia bijuga negatively influenced the rate of available phosphorus in the rhizosphere soil, but for the soils that developed Intsia bijuga inoculated with fungal isolates PisE, Pis02, the rate of phosphorus was significantly higher (Table 3) .
The total carbon content of the soil on which Intsia bijuga inoculated with Pis02 developed was much higher than other soils (Table 3) . 
Discussion
Our results show that compared to non-inoculated control plants, mycorrhizal rate, the total biomass, P and N content in leaves of Intsia bijuga inoculated with mycorrhizal isolate Pis02 were significantly high. Several authors showed that mycorrhizal plants stimulated the growth of biomass [42] [43] [44] [45] [46] [47] [48] . According to these authors, the improved growth of biomass was 37% to 350%. Trappe J. and al cited by [30] found an improvement in the growth of conifer Tsuga heterophylla by inoculation with four ectomycorrhizal strains (Hebeloma crustuluniforme, Laccaria laccata, Pisolithus tinctorius, Thelephora terrestris). The highest biomass was obtained with Pisolithus tinctorius. Numbers of authors highlighted that mycorrhize significantly improves phosphate [45, 47, [49] [50] [51] [52] [53] and nitrogen nutrition of the plant [24, [54] [55] [56] [57] [58] [59] . However, the effectiveness of mycorrhizal depends mainly on the fungal strain that colonizes the plant [60] . In our case inoculation with mycorrhizal isolate PisE did not affect the total biomass of Intsia bijuga and negatively influenced the nitrogen content in the leaves of the plant. These results suggest that Pis02 is more effective than PisE to the development of Intsia bijuga on soil collected under Casuarina equisetifolia. It should be noted that noninoculated plants (control) were mycorrhizal. This showed that in the soil under Casuarina equisetifolia developed mycorrhizal strains which can infect Intsia bijuga. This is the case, among others, of a fungal sharing between two native species (Fagaceae and Betulaceae) surrounding an alien species (Pinaceae) in Iran [61] .
Some authors reported that competition for nitrogen nutrition can take place between the host plant and its fungal partner [62] and other authors illustrated the competition between different fungal strains [63] while the growth of the plant requires high nitrogen content [64] . It was reported that competition negatively affects the ability of ectomycorrhizal fungi to provide benefits to the host plant [65] .
Plants inoculated with Pis02 showed a significant higher rate of mycorrhizal compared to control plants. This result suggests that Pis02 massively colonizes the roots of Intsia bijuga contrary to the case of PisE. Some authors showed that the effective ectomycorrhizal strain for the plant growth was that strongly colonized the root of the plant [45] . Similar results on the relationship between plant growth and abundance of ectomycorrhizal root colonization was observed by other authors [66, 67] .
However, it has shown that the ability of ectomycorrhizal fungi to colonize root does not always explain their effectiveness [68, 69] and the high rate of mycorrhiza does not prejudge its effectiveness on plant growth [70] . Some authors found no correlation between the stimulation of plant growth and degree of mycorrhizal infection [71] . It has found that the root symbiosis with the ectomycorrhizal fungus Laccaria laccata has developed more hyphae than the other fungus without giving apparent benefits to the plant [45] . However, some ectomycorrhizal fungi isolates as Cortinarius, Amanita, Hysterangium promoted the growth of the plant without colonizing massively the root [45] . In our case, although the mycorrhizal strain PisE not massively colonizes the roots of Intsia bijuga, the phosphorus content of plants was significantly high. This is a positive effect on phosphorus uptake. Furthermore, mycorrhizal symbiosis, even without being involved in the apparent growth of the plant could contribute to its health protection [72] or to the fight against the stress caused by the new environment [73, 74] .
Our result showed that the acid phosphatase activity of soil collected under Casuarina equisetifolia was negatively affected by the development of Intsia bijuga inoculated with mycorrhizal isolate Pis02. Soil biofonctionning depends largely on the composition of root exudates [75, 76] which itself depends on the species of the plant [77] or the species of fungus that colonizes the root [75, 78] . In our experience, the acid phosphatase of the fungus was not measured. This suggests that Pis02 has a very intense acid phosphatase activity for releasing a large quantity of available P which in turn inhibits the development of other microorganisms having an acid phosphatase activity. Several studies showed that the increase in phosphatase activity around the root led a formation of a depletion zone in organic P thus reflecting the effectiveness of these enzymes for the release of the Pi from organic P in favor of the root [79, 80] .
It was found that the structure and diversity of rhizosphere microorganisms of mycorrhizal plants depend largely on the quality of mycorrhizal hyphae exudates [78] . The acid phosphatase activity of ectomycorrhizal fungi was illustrated by [81] . The root exudate of each plant that is secreted in large amounts in the rhizosphere contains compounds that are specific to it, affects the soil macro and microorganisms [82] and builds the structure of rhizosphere microorganisms. The latter differs by their ability to metabolize and compete the different carbon sources [83] . In our case, it seems that the root exudate of Intsia bijuga stimulates the development of actinomycetes initially present in the soil of culture and does not favor the population of solubilizing phosphate bacteria. This result is in line with that found by [84] . According to them, the community of rhizosphere bacteria of the same soil type is not the same under two different plant species.
In addition, the decrease in soil pH, which is often in relation to the root exudate composition [85] resulted in the release of soil inorganic phosphate, which increases the amount of available phosphorus to the plant [86] .
Our results showed that the soil on which developed Intsia bijuga inoculated with mycorrhizal isolate Pis02 had high significant carbon content. This result could be explained by the massive colonization of the root by mycorrhizal isolate. Indeed, some authors showed that ectomycorrhizal biomass accounts for about 15% of the organic matter in forest soils [87, 88] . Mycorrhizal tissues are a significant source of carbon in the ecosystem [87] [88] [89] [90] [91] [92] .In addition, some ectomycorrhizal fungi are able to degrade nutrients and carbon-rich molecules in the soil and litter [93] [94] [95] such as C-rich biopolymers like cellulose, pectin, and fats [95] .
Conclusion
Intsia bijuga develops by establishing ectomycorrhizal symbiosis on the soil collected under Casuarina equisetifolia. Intsia bijuga development has significantly improved with mycorrhizal fungal isolate Pis02, fungus collected in sclerophyllusforest. Improved reforestation with native plants on different soil types is possible by mastering the mycorrhizal symbiosis.
